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1. 

COMBUSTOR AND OPERATING METHOD 
THEREOF 

FIELD OF THE INVENTION 

This invention is directed to a combustor and a method for 
operating a combustor. 

BACKGROUND OF THE INVENTION 

As regulations change and social pressures grow, it has 
become necessary to increase the efficiency of and lowerNOX 
emissions from gas turbines. 
One way to improve gas turbine efficiency is by increasing 

turbine inlet temperature. However, increasing combustion 
temperature can cause an increase in the amount of NOX 
emissions. 

Japanese Patent Publication No. 2005-106305 publication 
shows a fuel combustion nozzle including a fuel nozzle to 
Supply fuel to a chamber, and an oxidizer nozzle to Supply an 
oxidizer to the chamber disposed downstream from the fuel 
nozzle where a fuel hole of the fuel nozzle and a oxidizer 
nozzle of the oxidizer nozzle are on the same axis.JP2005 
106305 also shows a plate including the oxidizer nozzle 
where an outer peripheral portion is configured to be thicker 
than an inner peripheral portion in order to be able to initiate 
re-ignition when the flame generated from the coaxial jet of 
fuel and air blow off (see FIG. 1 of JP2005-106305). 

SUMMARY OF THE INVENTION 

JP2005-106305 does not show reduction of NOx emis 
sions. 
The purpose of the invention is to Supply a combustor 

having a structure that reduces NOx emissions while main 
taining combustion stability. 

The present invention is directed to a combustor including 
a chamber to which fuel and air are Supplied, an air hole plate 
having a plurality of air holes disposed upstream of the cham 
ber, and a fuel nozzle to supply fuel to the plurality of airholes 
of the air hole plate, where a center of a chamber-side surface 
of the air hole plate is disposed to the chamber-side than an 
exit of the air hole at the most outer peripheral side. 
The invention can Supply a combustor with a structure that 

reduces NOx emissions and maintains combustion stability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a partial structure, which shows details of 
a disposition of an air hole plate and a fuel nozzle header, 
which constitute a fuel Supply part, for a gas turbine of a first 
embodiment. 

FIG. 2 illustrates a front view from a chamber, for the air 
hole plate of a first embodiment, as shown in FIG. 1. 

FIG.3 illustrates a system structure of a plant, which shows 
a rough structure of a gas turbine plant for a combustor of the 
first embodiment. 

FIG. 4 illustrates a flow of fuel and air with a disposition of 
an air hole plate, fuel nozzle, and a fuel nozzle header, which 
constitute a fuel Supply part, for a gas turbine of a first 
embodiment. 

FIG. 5 illustrates another example of a partial structure, 
which shows a details of a disposition of an air hole plate and 
a fuel nozzle header, which constitute a fuel Supply part, for a 
gas turbine of a first embodiment. 

FIG. 6 illustrates another example of a partial structure, 
which shows a details of a disposition of an air hole plate and 
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2 
a fuel nozzle header, which constitute a fuel Supply part, for a 
gas turbine of a first embodiment. 

FIG. 7 illustrates a front view from a chamber, for the air 
hole plate of a first embodiment as shown in FIG. 6. 

FIG. 8 illustrates another example of a flow of fuel and air 
with a disposition of an air hole plate, fuel nozzle, and a fuel 
nozzle header, which constitute a fuel Supply part, for a gas 
turbine of a first embodiment. 

FIG. 9 illustrates a partial structure, which shows details of 
a disposition of an air hole plate and a fuel nozzle header, 
which constitute a fuel Supply part, for a gas turbine of a 
second embodiment. 

FIG. 10 illustrates a front view from a chamber, for the air 
hole plate of a second embodiment shown in FIG. 9. 

FIG. 11 illustrates a partial structure, which shows details 
of a disposition of an air hole plate and a fuel nozzle header 
which constitute a fuel Supply part, for a gas turbine of a third 
embodiment. 

FIG. 12 illustrates a front view from a chamber, for the air 
hole plate of a third embodiment as shown in FIG. 11. 

FIG. 13 illustrates a partial structure figure, which shows a 
details of a disposition of an air hole plate and a fuel nozzle 
header, which constitute a fuel Supply part, for a gasturbine of 
a fourth embodiment. 

FIG. 14 illustrates a front view from a chamber, for the air 
hole plate of a fourth embodiment as shown in FIG. 13. 

FIG. 15 illustrates a expansion figure for area A and area B 
of FIG. 3. 

FIG. 16 illustrates a partial structure figure, which shows a 
details of a disposition of an air hole plate and a fuel nozzle 
header, which constitute a fuel Supply part, for a gasturbine of 
a fifth embodiment. 

FIG. 17 illustrates a front view from a chamber, for the air 
hole plate of the embodiment 5 as shown in FIG. 16. 

FIG. 18 illustrates another example of a partial structure, 
which shows a details of a disposition of an air hole plate and 
a fuel nozzle header, which constitute a fuel Supply part, for a 
gas turbine of a fifth embodiment. 

FIG. 19 illustrates another example of a partial structure, 
which shows a details of a disposition of an air hole plate and 
a fuel nozzle header, which constitute a fuel Supply part, for a 
gas turbine of a fifth embodiment. 

FIG. 20 illustrates a partial structure figure, which shows a 
details of a disposition of an air hole plate and a fuel nozzle 
header, which constitute a fuel Supply part, for a gasturbine of 
a sixth embodiment. 

FIG. 21 illustrates a front view from a chamber, for the air 
hole plate of a sixth embodiment as shown in FIG. 20. 

FIG.22 illustrates a front view from a chamber, for the air 
hole plate with seven burners of the sixth embodiment, as 
shown in FIG. 20. 

FIG. 23 illustrates an example of fuel-air ratio at a local 
portion of burner for load in gas turbine. 

FIG. 24 illustrates an example of fuel-air ratio at a local 
portion of burner for load in gas turbine shown in FIG. 20. 

FIG.25 illustrates a partial structure figure, which shows a 
details of a disposition of an air hole plate and a fuel nozzle 
header, which constitute a fuel Supply part, for a gasturbine of 
a seventh embodiment. 

FIG. 26 illustrates a front view from a chamber, for the air 
hole plate of a seventh embodiment as shown in FIG. 20. 

FIG. 27 illustrates a partial structure figure, which shows a 
details of a disposition of an air hole plate and a fuel nozzle 
header, which constitute a fuel Supply part, for a gasturbine of 
an eighth embodiment. 

FIG. 28 illustrates a front view from a chamber, for the air 
hole plate of a eighth embodiment as shown in FIG. 27. 
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DETAILED DESCRIPTION OF VARIOUS 
EMBODIMENTS 

Set forth below are descriptions for each of the exemplary 
embodiments. 

Embodiment 1 

FIG. 3 illustrates a whole structure of a power generating 
gas turbine plant 1000. 
A power generating gas turbine in FIG. 3 includes a com 

pressor 1 to generate high pressure air 101 by compressing 
atmospheric air 100, a combustor 2 to generate high tempera 
ture combustion air 102 by burning fuel 200 and high pressure 
air 101 generated by compressor 1, a turbine 3 driven by high 
temperature combustion air 102 generated by combustor 102. 
a power generator 20 rotated by a turbine 3 to generate power, 
and a shaft 21 to combine the compressor 1, the turbine 3, and 
the power generator 20. 

The combustor 2 is located within a casing 4. 
Combustor 2 has a burner 6 on its head, and a substantially 

cylindrical combustor liner 10 to separate high pressure air 
and combustion gas downstream of the burner 6. 

Flow sleeve 11 is disposed on an outer peripheral side of 
the combustor liner 10, which serves as an outer wall to form 
a path to let high pressure air flow down. The flow sleeve is 
larger in diameter than the combustor liner 10, and is disposed 
as a cylindrical shape having almost the same center of its 
sectional circle as the combustor liner 10. 

Downstream from the combustor liner 10, transition piece 
12 is disposed to guide high temperature combustion gas 102 
generated by the combustor 2 toward the turbine 3. Flow 
sleeve Surrounding the transition piece 13 is disposed outside 
the transition piece 12. 

Atmospheric air 100 becomes high pressure air 101 after 
being compressed by compressor 1. High pressure air 101 
fills the casing 4, and flows into a space between the transition 
piece 12 and the flow sleeve Surrounding the transition piece 
13 to cool (convectional cooling) the transition piece from 
outside. 

High pressure air 101 further flows toward the head of the 
combustor thorough the annular flow path formed between 
the flow sleeve 11 and the combustor liner 10. During the 
flow, the high pressure air 101 cools (via convectional cool 
ing) the combustor liner 10. 
A portion of the high pressure air 101 flows into the inside 

of the combustor liner 10 cooling (via film cooling) the com 
bustor liner 10 through multiple cooling holes located at the 
combustor liner 10. 
The remaining portion of high pressure air 101, i.e., not 

used for film cooling, flows into the combustor liner 10 
through a plurality of air holes 32 located in the air hole plate 
33 located on the upstream side of the chamber 50. 
The second portion of high pressure air 101 flows into the 

combustor liner 10 through a plurality of air holes 32, is 
burned in the chamber 50 with fuel 200 jetted from fuel 
noZZles 31, to generate high temperature combustion gas 102. 
The high temperature combustion gas 102 is Supplied to 
turbine 3 through transition piece 12. 

High temperature combustion gas 102 is exhausted after 
driving the turbine 3 as exhaust gas 103. 

Driving power made by the turbine 3 is delivered to com 
pressor 1 and power generator 20 via shaft 21. 
A portion of the driving power generated by turbine 3 

drives the compressor 1 in order to generate high pressure air. 
Another portion of the driving power generated by turbine 3 
generates electric power by rotating the power generator 20. 
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4 
Set forth below is a description of a particular embodiment 

of the combustor 2. 
A plurality of fuel nozzles 31 to jet fuel is installed to a 

nozzle header 30 in the burner 6 of the combustor 2 of 
embodiment 1. Each of the air holes 32 located in the air hole 
plate 33 has a corresponding fuel nozzle 31, and each of the 
air holes is located downstream from the corresponding fuel 
nozzle 31. 
The detailed descriptions of area A and area B in FIG. 15 

illustrate disposition of a pair of fuel nozzles 31 and air holes 
32 in the combustor 2 shown in FIG. 3. 

In area A, fuel nozzle 31 and air hole 32 located in the air 
hole plate 33 are disposed on the same axis. On the other 
hand, the axis of air hole 32 is inclined to the axis of fuel 
nozzle 31 in area B (details are described below). The cross 
sectional shape of the air hole plate including the central axis 
of the air hole plate is shown as the detailed description of area 
B. All cross sectional shapes are described as cylinder shapes 
in order to simplify FIG. 1 to FIG. 14; however, other suitable 
shapes can be used. As shown in area A and area B, inside air 
holes, an air jet 36 flow surrounds fuel jet 35. Such kind a 
plurality of coaxial jets of fueljet 35 and air jet 36 are formed 
as many number as the number of pairs of fuel nozzles and air 
holes 32. Corresponding pairs of fuel nozzles and air holes are 
typically referred to as coaxial jet nozzles. 

Forming many small coaxial jets of fuel jets 35 and air jets 
36 makes the boundary surface between fuel and air broader. 
At the exit side of air hole 32, a good mixture of fuel gas and 
airis formed. Burning the well-mixed gas in a chamber 50 can 
flat the distribution of combustion temperature and lower 
NOx emissions. 

Burner 6 has two fuel supply lines, for F1 fuel 201 and for 
F2 fuel 202. Each fuel supply line has fuel control valve 211, 
210. Flow volume of F1 fuel 201 is controlled by fuel control 
valve 211, and flow volume of F2 fuel 202 is controlled by 
fuel control valve 212 respectively. In that way, the power 
generated by gas turbine plant 1000 is controlled. 

FIG. 1 illustrates a cross-sectional view of enlargement 
around fuel nozzles 31 and air holes 32 of the gas turbine plant 
shown in FIG. 3. FIG. 2(a) is a front view of an air hole plate 
33 viewed from the chamber 50 side. 

In this embodiment, air holes 32 are arranged as three 
circles, which have sole centeras concentric circles, and each 
circle has 6, 12, 18 air holes 32 respectively from inside. Air 
holes of the each circle are named as first circle air holes 32a, 
second circle air holes 32b, third circle air holes 32c, respec 
tively from the center outward. 
To form a swirl flow in chamber 50, first circle air holes 32a 

are slanted from the burner axis direction (center axis of fuel 
nozzle) at an angle 0. FIG. 2(b) shows first air holes 32a cut in 
circumferential direction of burner. 

In addition, the fuel line of this embodiment is divided into 
a line to supply F1 fuel 201 and a line to supply F2 fuel 202. 
F1 fuel 201 is supplied to fuel nozzles 31a (a group of first fuel 
nozzles) which correspond to first circle air holes 32a, F2 fuel 
202 is supplied to fuel nozzles 31b and 31c (a group of second 
fuel nozzles), which correspond to second circle air holes 32b 
and third circle air holes 32c. 

In this embodiment, first circle fuel nozzles 31a to which 
F1 fuel 201 is supplied, and air holes 32a, which correspond 
to the fuel nozzles 31a, form an inner peripheral coaxial jet 
nozzle group 51. Second circle fuel nozzles 31b and third 
circle fuel nozzles 31c to which F2 fuel 202b supplied, and 
second circle air holes 32b, which correspond to the fuel 
nozzles 31b, and third circle air holes 32c, which correspond 
to the fuel nozzles 31c, form an outer peripheral coaxial jet 
nozzle group 52. And the portion surrounded by the dotted 
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line in FIG. 1 constitute burner 6. In other words, burner 6 has 
an air hole plate and fuel nozzles 31a, 31b, 31c, which cor 
respond to a plurality of air holes 32a, 32b, 32c, respectively. 
The chamber side wall face of an air hole plate 33 is a face 

on which air hole exits are arranged. As for chamber side wall 
face, inner peripheral wall face is disposed at downstream 
side of chamber than outer peripheral wall face. Therefore, 
exits of first circle air holes 32a arranged in inner peripheral 
wall face are disposed at downstream side of chamber than 
exits of third circle air holes 32c arranged in outer peripheral 
wall face. And, in order to decrease downstream side radial 
distance from the center axis of air hole plate rather than 
upstream side, connecting wall face that connects inner 
peripheral wall face of chamber side and outer peripheral wall 
face of chamber side is slanted to the center axis. Therefore 
the connecting wall face is a frusto-conical shape. 

With an air hole plate of this shape, outer peripheral coaxial 
jet nozzle group 52 is disposed upstream (in the burner-axis 
direction) from the inner peripheral coaxial jet nozzle group 
51. 

FIG. 4 illustrates a rough shape of the flame generated by a 
burner of this embodiment, and a flow of fluid. 
Chamber side wall face of air hole plate 33, which consti 

tutes the inner peripheral coaxial jet nozzle group 51, is 
vertical to the burner axis (that is to say the central axis of air 
hole plate). Therefore, stagnation region 42a and 42b are 
formed in the vicinity of exits of first circle air holes 32a. 

In the vicinity of stagnation region 42a and 42b, because of 
stagnation, flow becomes slower to form a local region where 
combustion speed matches flow speed. From the local region 
where combustion speed matches flow speed, as a basic point, 
flame 41 is formed. In addition, recirculation flow 40 is 
formed because first circle air holes 32a are disposed to be 
slanted toward the burner axis (center axis of air hole plate). 
By the recirculation flow 40, high temperature combustion 
gas is transported from down stream of flame 41 to upstream 
of flame 41, and thermal energy is also transported from 
downstream to upstream. Therefore pre-combustion gas Sup 
plied from air holes 32 to chamber is heated to rise reaction 
possibility. For those reasons, inner peripheral coaxial jet 
noZZle group 51 can be a burner that has high combustion 
stability. 
On the otherhand, outer peripheral coaxial jet nozzle group 

52 has a connecting portion 43 that connects inner peripheral 
wall face and outer peripheral wall face. The wall face of 
connecting portion is slanted in order to make the radial 
distance from the center of air hole plate to the wall face in the 
downstream side closer than that in upstream side. Flow in the 
vicinity of wall face of connecting portion between second 
circle air holes 32b and third circle air holes 32c is less likely 
to stagnate because of the slant to the burner axis. Therefore, 
flame is not formed in the vicinity of an air hole plate 33 that 
constitutes outer peripheral coaxial jet nozzle group 52. As 
shown in FIG. 4, flame 41 is formed in which fuel supplied 
from inner peripheral coaxial jet nozzle group 51 acts as a 
spark. As for the radial distance of the wall face of connecting 
portion from the center axis of an air hole plate, wall face of 
connecting portion is slanted in order to make the down 
stream side of the chamber shorter than the upstream side, so 
flow separation of premix gas flow can be restrained make it 
harder for the flow to stagnate. 

In this embodiment, fuel and air in the coaxial jet, which 
flow through internal path of air hole 32, are mixed in the 
internal path. Further, flow path is expanded sharply from the 
internal path to chamber. Therefore the mixture of fuel and air 
progresses further even after Supplied into the chamber. 
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Sufficient mixture between fuel and air makes local tem 

perature constant. Therefore, the structure shown in this 
embodiment is efficient for generating low NOX. That is to 
say, for a burner that has a significant coaxialjet of fuel and air 
such as shown in this embodiment, it is preferable that fuel is 
burned where the mixture between fuel and air is well mixed. 
In other words, to form flame 41 in an area apart from exits of 
air holes 32 is preferable. 

In the combustor shown in this embodiment, as shown in 
FIG. 4, flame 41 is formed in stable having a base point, inner 
peripheral coaxial jet nozzle group 51 creates a high stablility 
burner. Therefore for the chamber side wall face of air hole 
plate, flame 41 is formed apart from exits of second circle air 
holes 32b and exits of third circle air holes 32c, in the outer 
peripheral coaxial jet nozzle group 52, by having inner 
peripheral wall face downside of outer peripheral wall face in 
chamber. In this way, the mixture between fuel and air 
progresses not only by the effect of sharp expansion at exits of 
air holes 32, but also on the way to flame 41 from exits of air 
holes 32. Therefore, flame temperature can be flat to create 
low NOx combustion. 
As explained above, having an inner peripheral coaxial jet 

nozzle group and an outer peripheral coaxial jet nozzle group 
in this embodiment enables both low NOx and stability in 
burning. 

In this embodiment, connecting wall face that connects 
inner peripheral wall face and outer peripheral wall face is 
shaped as a taper. FIG. 5 illustrates a similar combustor that is 
Supplied by connecting an inner peripheral coaxial jet nozzle 
group 51 and an outer peripheral coaxial jet nozzle group 52 
with a curved wall. 

That is to say, if inner wall face and outer wall face are 
connected with a flat wall or smooth wall, a low NOx effect 
can be obtained. Because that structure makes it possible to 
have a certain distance between air holes 32b and 32c located 
in the connecting portion or outer peripheral wall face, and to 
advance a mixture between fuel and air that passes through 
these air holes 32b and 32c. 
The Smooth face means that the changing rate of the slope 

in the face is low enough not to make flow stagnation or flow 
separation. If it has low influence to hold a flame, the benefit 
can be obtained. In that meaning, a combination of flat faces, 
or a combination of flat faces and curved faces is acceptable. 
The inner peripheral wall face in this embodiment means 

corresponding potion of chamber side face of an air hole plate 
33 to inner peripheral coaxial jet nozzle group 51. Inner 
peripheral wall face is vertical plane to the central axis direc 
tion of an air hole plate 33. Outer peripheral wall face is also 
vertical plane to the central axis direction of an air hole plate 
33. In this embodiment, outer peripheral wall face means a 
face outside the lines, which connectairholes 32c as shown in 
FIG. 7. 
A combustor shown in this embodiment has two fuel lines, 

F1 fuel 201, which is supplied to inner peripheral coaxial jet 
nozzle group 51 and F2 fuel 202, which is supplied to outer 
peripheral coaxial jet nozzle group 52. 

Raising the ratio of fuel flow to air flow is an efficient way 
to raise the stability of combustion. To increase fuel flow 
supplied to fuel nozzles 31a per single nozzle so that the flow 
is more than the fuel supplied to fuel nozzles 31b or 31c per 
single nozzle increases the ratio of fuel flow to air flow of 
inner peripheral coaxial jet nozzle group 51, and the tempera 
ture of the holding point of the flame is raised. Therefore the 
stability of the flame can be improved. 

But just increasing the amount of F1 fuel 201 jetted from 
inner peripheral coaxial jet nozzle group 51 changes the 
amount of fuel 200 supplied to whole burner 6, and changes 
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the outputgained from a plant too. So in this embodiment, the 
amount of F2 fuel 202 flow is lowered at the same time as the 
amount of F1 fuel 201 flow is raised. This enables the ratio of 
fuel flow to air flow of inner peripheral coaxial jet nozzle 
group 51 to be raised without increasing fuel 200 supplied to 
the whole burner 6. 

In this embodiment, the fuel ratio per single nozzle that is 
supplied to first fuel nozzles 31a, which corresponds to first 
air holes 32a, is more than the fuel ratio per single nozzle that 
is supplied to second fuel nozzles 31b, 31c, which corre 
sponds to second air holes 32b, 32c. 

Because the amount of fuel 200 supplied to whole burner 6 
is not changed in this way, the amount of output obtained from 
plant will not change. Therefore, combustion stability of 
flame 41 formed by burner 6 can be higher, and the increase of 
NOx exhausted by the whole burner 6 can be restrained. 

FIG. 6 shows another example of the first embodiment that 
has wider connecting wall face that connects inner peripheral 
wall face and outer peripheral wall face of an air hole plate. 
That is to say, the structure that has a taper shape from the very 
outer peripheral side (A in the FIG. 6) of air holes 32a of inner 
peripheral coaxial jet nozzle group 51 toward outer peripheral 
side. 

FIG. 7 is a front view of FIG. 6 from chamber 50 side. 
FIG. 8 shows a rough shape of flame by burner shown in 

FIG. 6 and flow of fluid. In FIG. 8, the balance point between 
the speed of flow and the speed of combustion is formed at 
stagnation region 42. In other words, at the region inside first 
circle air holes 32a. So, flame 41 is formed as shown in FIG. 
8. 

Embodiment 2 

What follows is a description of a gas turbine combustor of 
a second embodiment, illustrated in FIG. 9. 
As the structure of the combustor of this embodiment is 

substantially similar to the structure of embodiment 1, only 
the portions that differ will be discussed. 

FIG. 9 is a rough cross section of the enlarged vicinity 
portion of fuel nozzles 31 and air holes 32, and FIG. 10 is a 
front view of an air hole plate 33 from a chamber 50 side. 

In this embodiment, thickness of the air hole plate 33 is 
substantially flat at each position in a radial direction. That is 
to say, chamber side wall face and fuel nozzle side wall face 
are in parallel. 

In this embodiment, the thickness of the air hole plate 33 is 
Substantially flat in a radial direction, so internal path lengths 
of eachair hall are also the same between all holes. Therefore, 
pressure loss caused by air jet 36 passing through an air hole 
32 can be constant at any air hole 32 location. 

In addition, in order to make the distance between a fuel 
hole of a fuel nozzle 31 and an entrance of an air hole 32 
equal, the length of first and second fuel nozzles 31 is longer 
than the length of third fuel nozzles 31. This structure enables 
the distribution of flow in an air hole entrance to be kept flat, 
and the entrance pressure loss caused by air jet 36 entering 
into an air hole 32 to be constant at any air hole 32 location. 

In that way, pressure losses caused by air jet 36 passing 
through and entering into an air hole 32 can be constant at any 
air hole 32 location. And the pressure difference between the 
upstream side and downstream side of the air hole plate 32 
can be constant at any air hole 32 location. 

This configuration can prevent the air jet 36 flow rate from 
causing deviation by the location of air holes 32 of the air hole 
plate 33. 
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8 
Airflow ratio can be constant at any fuel rate at any air hole 

32 location, so as to limit an unintentional rise of local com 
bustion temperature and a corresponding increase in NOX 
emissions. 

Therefore, sufficient combustion stability can be gained 
with inner peripheral coaxial jet nozzle group 51, and low 
NOx combustion can be done withouter peripheral coaxialjet 
nozzle group 52, and a combustor with a structure that 
improves both NOx emissions and combustion stability. 

Embodiment 3 

What follows is a description of a gas turbine combustor of 
third embodiment with FIG. 11. 
As the structure of the combustor of this embodiment is 

substantially similar to the structure of embodiment 1, only 
the portions that differ will be discussed. 

FIG. 11 is a rough cross section of the enlarged vicinity 
portion of fuel nozzles 31 and air holes 32, and FIG. 12 is a 
front view of a air hole plate 33 from a chamber 50 side. 

In this embodiment, the structure of inner peripheral 
coaxial jet nozzle group 51 is the same as embodiment 1. But 
air holes 32b and 32c in outer peripheral coaxial jet nozzle 
group 52 have different diameters at each location in an air 
hole plate 33. That is to say, among third circle air holes 32c 
in the outer peripheral coaxial jet nozzle group 52, the air 
holes 32c that have a longer distance from second circle air 
holes have a larger diameter; on the other hand, the air holes 
32c that have a shorter distance from second circle air holes 
have a smaller diameter. 

This embodiment is illustrated in FIG. 12. 
Air holes 32c-1 that are a part of third circle air holes 32c in 

an outer peripheral coaxial jet nozzle group 52. The location 
of an air hole 32c-1 in circumferential direction, is next to 
another air holes 32c-1, and between second air holes 32b, 
which are arranged in a circumferential direction. The dis 
tance between a third circle air hole 32c-1 and a second circle 
air holes 32b is the longest, so hole diameters are enlarged as 
shown in the figure. 
On the other hand, other air holes 32c, which are air holes 

32C-2, are different air holes from 32c-1. Since each air hole 
32C-2 has a short distance from second circle air holes 32b, 
hole diameters are narrowed, as show in the figure. 

In that way, air holes 32c are enlarged or narrowed as to the 
distance from adjacent second holes 32b. That is to say, each 
remained wall area of the air hole plate 33 between third circle 
air holes 32c and second circle air holes 32b are substantially 
equalized. 

In chamber side wall face of an air hole plate 33, flow 
stagnation is limited by reducing the area of connecting por 
tion 43a and 43b where air holes 32 are not located. Reducing 
the stagnation region with that structure, restrain balancing 
points between combustion speed and flow speed to be 
formed in the vicinity of connecting portion 43a and 43b, and 
make it hard to form flame 41 in the vicinity of connecting 
portion 43a and 43b. 
On the other hand, as for inner peripheral coaxial jet nozzle 

group 51, stable flame 41 is formed at a pilot point where flow 
speed and combustion speed are balanced, in the vicinity of 
stagnation region 42. 

Therefore, as for outer peripheral coaxial jet nozzle group 
52, flame 41 is formed apart from exits of air holes 32b and 
32c. Because flame is formed where fuel and air are well 
mixed, combustion temperature can be flat, and low NOx 
combustion is achieved in outer peripheral coaxial jet nozzle 
group 52. 
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Thus, securing enough combustion stability with inner 
peripheral coaxial jet nozzle group 51, and achieving low 
NOx combustion with outer peripheral coaxial jet nozzle 
group 52, enable to supply a combustor with a structure which 
improve both low NOx emission and combustion stability. 

Embodiment 4 

What follows is a description of a gas turbine combustor of 
forth embodiment with FIG. 13. 
As the structure of the combustor of this embodiment is 

substantially similar to the structure of embodiment 1, only 
the portions that differ will be discussed. 

This embodiment shows one combustion devise that is 
constituted by combining seven burners 6, which is described 
in the first embodiment. 

FIG. 13 is a rough cross section of the enlarged vicinity 
portion of fuel nozzles 31 and air holes 32, and FIG. 14 is a 
front view of a air hole plate 33 from a chamber 50 side. 
As illustrated in FIG. 13, one burner is disposed in the 

center, and six burners are disposed around the centerburner. 
Two fuel supply lines are connected to each burner 6. Each 
burner 6 has a structure that is illustrated in FIG. 1. 
As shown in FIG. 13, dividing fuel supply lines between 

inner peripheral coaxial jet nozzle group 51 and outer periph 
eral coaxial jet nozzle group 52, enables the combustor to 
control the number of burners to work based on gas turbine 
load. Therefore, stable combustion is achieved by controlling 
the flow rate of F1 fuel and F2 fuel supplied to each burner 
from start condition to 100% load condition. Each burner can 
have an individual fuel Supply line. In this case, although the 
total number of fuel Supply lines increases, operation can be 
improved in partial load condition and can operate stably at 
any load condition. 
One combustion device can be constituted by combining 

burners 6 illustrated in FIG. 1-3. 
Thus, this combustor has a structure that improves both 

NOx emissions and combustion stability. 
In the combustor 2 of this embodiment described above, 

including a chamber 50 to that fuel and air are supplied and in 
that they are burned, a air hole plate 33 located upstream from 
chamber in main gas direction and having a plurality of air 
holes 32, a plurality of fuel nozzles 31 to supply fuel to the air 
holes 32 located upstream from the air hole plate 33. The air 
hole plate 32 forms a upstream wall of the chamber 50, and 
has a plurality of air holes 33 arranged in concentric circles. 
The air holes 32 are slanted to the axis of the air hole plate 33 
to promote a recirculation flow 40 from downstream side to 
upstream side of a flame. 

In the combustor 2 described in each embodiment, the 
center of the chamber side (downstream side) face of the air 
hole plate 33 is located at chamber side (downstream side) 
from exits of the most outside air holes 32c. In addition, the 
distance from the axis of the air hole plate of a certain point on 
the chamber side face of the air hole plate 33 (e.g. 43a in FIG. 
8) is less than a point that is located upstream from the certain 
point (e.g. 43b in FIG. 8). By introducing such structure, air 
holes disposed on a outer peripheral side of the air hole plate 
33 can be apart from a flame formed downstream from the 
centerportion of the sirhole plate 33. In that way, the mixture 
of fuel and air passing through outer peripheral side air holes 
can be accelerated, and NOx emission can be reduced. 

In addition, in the combustor 2 described in each embodi 
ment, inner peripheral side of the air hole plate 33 (i.e. in the 
vicinity of the center of side wall of the chamber 50) is a flat 
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face perpendicular to the axis of the air hole plate. Therefore, 
stagnation region 42a, 42b is formed on the inner peripheral 
wall side. 
A portion of mixture of fuel and air jetted from air holes 

32a flows into the stagnation region. In that way, mixed gas is 
supplied to a late flow region, and recirculation flow 40 trans 
fer heat from combustion gas to the stagnation region to form 
a stable flame. Flame 41 is folded downstream from the inner 
peripheral wall face, and the stable flame in the stagnation 
region improves the stability of a whole flame 41. 

Because the center of the chamber-side side wall face of the 
air hole plate 33 improves stability of flame 41 in this embodi 
ment, a possibility of blow off is restrained and high reliabil 
ity is achieved. 

Embodiment 5 

A fifth embodiment is shown in FIG.16 and FIG. 17. FIG. 
16 is a rough cross section of the enlarged vicinity portion of 
fuel nozzles 31 and air holes 32, and FIG. 17 is a front view of 
a air hole plate 33 from a chamber 50 side. 

In this embodiment, exit of air holes 32 is located on a wall 
face of connecting portion which connects inner peripheral 
wall face and outer peripheral wall face of air hole plate 32. In 
order to make downstream side wall face closer than 
upstream side in radial distance from burner axis, wall face of 
connecting portion is more Slanted than upstream side face of 
air hole plate. Therefore, flow separation can be limited and 
stagnation of premix gas flow can be limited. 
On the other hand, all air holes 32 are slanted toward the 

burner axis in this embodiment. Therefore, a strong Swirl is 
formed in chamber 50, and a large recirculation flow 40 is 
generated. Because the recirculation flow 40 is formed on a 
bulged portion bulged toward chamber 50, entrainment by the 
recirculation flow 40 generate a flow 44 that flows toward the 
recirculation flow 40 in the vicinity of wall face of air hole 
plate, as shown in FIG. 16. The flow 44 prevents high tem 
perature combustion gas from flowing out toward first circle 
air holes 32a. 

Thus, heat is not supplied to the vicinity of first circle air 
holes 32a, stagnation regions are not easily formed, flames 
Sticking to the air hole plate are limited, and flame 41 is 
formed from inner peripheral wall face of the top of the air 
hole plate. In this embodiment, no air holes 32 are located 
downstream face of the air hole plate 33. That is to say, air 
holes located at the innermost region are located at the con 
necting face which connects an inner peripheral flat face and 
an outer peripheral flat face. Therefore, not only for other fuel 
nozzles but also for first fuel nozzles, sharp expansion at an 
exit of each air hole 32 and enough distance from an exit of 
each air holes to flame 41 enable to accelerate mixture of fuel 
and air, and well-reduced NOx is exhausted from burner. 
A combustor of this embodiment also preserves combus 

tion stability. Strengthening Swirl flow by sharpening the 
slanted angle of air holes forms a large recirculation flow 40 
by enlarging the top area of an air hole plate, and forms a 
stable flame 41. As a further improvement of combustion 
stability, a further stagnation promotion structure can be 
introduced such as a dent on the top of air hole plate as shown 
in FIG. 18. Promotion of stagnation in that portion improves 
combustion stability. To enlarge stagnation region 42 
improves the stability of flame 41. 

In a combustor 2 in this embodiment, all air holes are 
located in the connection face that connects an inner periph 
eral flat face and an outer peripheral flat side. Such a structure 
can prevent a stagnation region from being formed in the 
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vicinity of exit of each air hole 32, with the effect of flow 44 
formed by entrainment of recirculation flow 40, as Synergism. 

Air hole plate 33 in this embodiment does not have air holes 
in an inner peripheral flat face. That structure can be regarded 
a stagnation promotion structure, or flame stability strengthen 
Structure. 

In this embodiment, in order to simplify fuel supply lined 
to save cost, fuel is Supplied via single Supply line to fuel 
nozzles in three circle. But this embodiment can have a plu 
rality of Supply line as shown in embodiment 1. 

In the fifth embodiment, the angle of connecting wall face 
that connects inner peripheral wall face and outer peripheral 
wall face can be varied as shown in FIG. 19, and angle 0 can 
be larger than 0. Such shape can enlarge burner axis element 
of speed vector of flow 44 generated by entrainment of recir 
culation flow 40 in the vicinity of the top of air hole plate 33, 
while keeping the air hole plate 33 thin. Thus the effect to 
prevent combustion gas in recirculation flow 40 from flowing 
out toward first circle air holes can be stronger. An arc shape 
of the connecting wall face can have the same effect. 

Embodiment 6 

A sixth embodiment is shown in FIG.20 and FIG. 21. FIG. 
20 is a rough cross section of the enlarged vicinity portion of 
fuel nozzles 31 and air holes 32, and FIG. 21 is a front view of 
a air hole plate 33 from a chamber 50 side. In this embodi 
ment, although an air hole plate 33 has similar shape as 
embodiment 5, pilot nozzle 60 is disposed at the center of 
burner (the center of air hole plate 33) as a fuel supply means. 
The pilot nozzle 60 jets low flow rate fuel to a stagnation 
region 42, to generate flame 41 as diffusion combustion at a 
flame-holding point, and burn stably even if average combus 
tion temperature is low. Because it can get Sufficient effect 
with low flow rate of fuel supplied from the pilot, combustion 
stability can be improved with restraining the increase of 
NOX discharge. 
A front view of a gas turbine combustor that has seven 

burners of the sixth embodiment is shown in FIG. 22. An 
example of gas turbine operation without using pilot nozzles 
is shown in FIG. 23. It is necessary to operate gas turbine 
stably within a wide fuel-air ratio range operation from start 
to regular load operation. Therefore the number of burners is 
controlled while considering fuel flow rate condition. 

FIG. 23 shows transition of burner local fuel-air ratio of 
operation example 70. In FIG. 23 (and FIG. 24 mentioned 
later), O means burner with fuel, o means burner without fuel. 
As for operation example 70, during low fuel flow rate con 
dition, the system operates in mode 1 to Supply fuel only to 
central burner. After mode 1, a switch to mode 2 is made to 
Supply fuel to three burners corresponding to the increase of 
fuel flow rate. Then, a switch to mode 3 is made to supply fuel 
to five burners with further increase of fuel flow rate. Further, 
a switch to mode 4 is made to supply fuel to all seven burners 
increasingly. In that way, there is an increase in the number of 
burners to supply fuel. 

Local fuel air ratio of the burner decreases right after 
switching of fuel supply line. If fuel air ratio falls below lower 
limit 71, combustion become unstable and can be blown out 
in Some situations. Therefore, it is necessary to keep burner 
local fuel-air ratio over the lower limit 71 during operation. It 
is necessary in power generation gasturbine operation to keep 
the load range out from fuel switching. At the time of switch 
ing, burner local fuel-air ratio can fluctuate sharply. So, it is 
required to improve gas turbine operation ability by lowering 
switching condition from mode 3 to mode 4 in order to 
broaden a load range of operation. 
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Therefore, in this embodiment having a pilot nozzle 60 as 

a fuel Supply means in the center of a burner, when increasing 
the number ofburner to be supplied fuel, jet fuel from the pilot 
nozzle 60 (mode 4"). In FIG. 24, O in double circle means that 
pilot nozzle 60 also supply fuel. 

Thus, to operate in mode 4' between mode 3 and mode 4 
enables lower limit of fuel air ratio to lower from lower limit 
71 to lower limit 72 as shown in FIG. 24; the lower limit 
means the limit, below which gas turbine can not be operated 
because of blow off or large amount of unburned mixture. 
Therefore, compared to fuel supply line switch condition 
shown in FIG. 23, it is possible to switch from mode 3 to the 
next mode at lower load condition as shown in FIG. 24; the 
next mode is mode 4" to supply fuel to all the burners and pilot 
nozzle. 
The Switch of fuel line from mode 4" to mode 4 can be 

operated successively with flames on every burner, and the 
fuel flow rate of each line does not fluctuate. Therefore, not 
only mode 4 but also mode 4' can be included in operation 
load range, and operation load range can be broadened. In 
addition, all combustion is premix combustion, SoNOx emis 
sion can be much lower, and a combustor with a structure that 
improve both low NOx emission and combustion stability can 
be supply. 

Embodiment 7 

A seventh embodiment is shown in FIG. 25 and FIG. 26. 
FIG. 25 is a rough cross-section of the enlarged vicinity 
portion of fuel nozzles 31 and air holes 32, and FIG. 26 is a 
front view of a air hole plate 33 from a chamber 50 side. 

In this embodiment, four circles of air holes are arranged as 
concentric circles in an air hole plate 33. Respective air hole 
circles are first circle air holes 32a, second circle air holes 
32b, third circle air holes 32c, and fourth circle air holes 32d, 
from the center to outer peripheral side. In this embodiment, 
exits of first, second, and third circle air holes 32a, 32b, 32c 
are located in a connecting wall face that connects inner 
peripheral wall face and outer peripheral wall face of air hole 
plate 33. That is to say, fourth circle air holes 32d are different 
from air holes 32a, 32b, 32c located in connecting portion. 

Connecting wall face is slanted to make chamber-down 
stream side closer than upstream side in radial distance from 
burner axis to connecting wall face. 
On the other hand, exits offorthairholes 32d are located on 

outer peripheral wall face that is perpendicular to burner axis. 
Therefore in the vicinity of exits of air holes 32d, stagnation 
region 42d is generated and balancing point between com 
bustion speed and mixed gas flow speed. But, flame generated 
position is apart from stagnation region 42, heat is not Sup 
plied to the balancing region between combustion speed and 
premix gas, stable flame is never formed in the stagnation 
region 42, sufficient distance to flame 41 lets fuel and air 
jetted from fourth circle air hole 32d mix well before com 
bustion. 
As for large burner, if locate all exits of air holes in slanted 

face, central portion ofburner gets thick and causes a increase 
of cost. Therefore, to introduce this embodiment to large 
burner enables to restrain thickness of central portion of 
burner and increase of manufacturing cost. 

In this embodiment, only fourth fuel nozzles 31d have 
other fuel line. Controlling the supply of fuel corresponding 
to combustion load improves both combustion stability and 
low NOX. Fuel line can be one in order to cut cost. 

Embodiment 8 

An eighth embodiment is shown in FIG. 27 and FIG. 28. 
FIG. 27 is a rough cross section of the enlarged vicinity 
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portion of fuel nozzles 31 and air holes 32, and FIG. 21 is a 
front view of a air hole plate 33 from a chamber 50 side. In this 
embodiment, skip the explanation of the portion same as FIG. 
5. In this embodiment, slanted face of air hole plate 33 
extends to the vicinity of burner axis, and air hole plate has 
frusto-conical shape. Therefore the area of stagnation region 
42 is very small, and recirculation flow 40 is also small. 

This embodiment is suitable for fuel that contains hydro 
gen Such as coal gasification gas. Hydrogen containing fuel 
has high combustion speed and high combustion stability. On 
the other hand, flame is easy to approach the air hole plate. 
Therefore as shown in FIG. 27, to narrow recirculation region 
and to make the distance long from first circle air holes 32a 
prevent from forming stable flame in the vicinity of air hole 
exits, and long distance is gain for jet of fuel and air before 
reach flame. In that way mixture is accelerated and NOx 
emission can be reduced. Evenifrecirculation region is Small, 
high combustion speed let the combustion stable. 

Not only for hydrogen containing fuel, but also high 
entrance temperature gas turbine for high efficiency, flame 
temperature rises and combustion speed gets faster, this 
embodiment is efficient. 

This invention is Suitable not only for power generating gas 
turbine combustor but also cogeneration system which can 
Supply both heat and power, and mechanical driving gas 
turbine which drives pump or compressor, or various types of 
combustors. 
1 compressor 
2 combustor 
3 turbine 
4 casing 
6 burner 
10 combustor liner 
11 flow sleeve 
12 transition piece 
13 flow sleeve surrounding the transition piece 
20 power generator 
21 shaft 
30 fuel nozzle header 
31 fuel nozzle 
32 air hole 
33 air hole plate 
35 fueljet 
36 air jet 
40 recirculation flow 
41 flame 
42 stagnation region 
43 connecting portion 
44 flow 
50 chamber 
51 inner peripheral coaxial jet nozzle group 
52 outer peripheral coaxial jet nozzle group 
60 pilot nozzle 
70 operation example 
71, 72 lower limit 
100 atmospheric air 
101 high pressure air 
102 high temperature combustion air 
200 fuel 
201 F1 fuel 
202 F2 fuel 
211, 212 fuel control valve 
1000 gas turbine plant 

The invention claimed is: 
1. A combustor comprising: 
a chamber into which fuel and air is supplied: 
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14 
an air hole plate located upstream of the chamber and 

having a plurality of air holes; and 
a plurality of fuel nozzles to supply fuel to the air holes, 

wherein: 
a center of a chamber-side face of the air hole plate extends 

further into the chamber than an exit of one of the plu 
rality of the air holes located at an outermost peripheral 
region of the airplate; 

the combustor further comprising: 
an inner peripheral flat face on the chamber-side face of the 

air hole plate; 
an outer peripheral flat face on the chamber-side face of the 

air hole plate located upstream of the inner peripheral 
flat face; and 

a connecting portion which connects the inner peripheral 
flat face and the outer peripheral flat face, 

wherein a wall face of the connecting portion is slanted in 
order to make a radial distance from a center axis of the 
air hole plate to the wall face in a downstream side closer 
than that in an upstream side; and 

exits of the plurality of air holes located at an innermost 
peripheral region are disposed further downstream of the 
chamber than exits of the plurality of air holes located at 
the outermost peripheral region. 

2. The combustor according to claim 1, wherein each air 
hole corresponds to a respective fuel nozzle. 

3. The combustor according to claim 1, wherein the air 
holes are arranged in a plurality of concentric circles. 

4. The combustor according to claim 1, wherein the air 
holes are slanted with respect to the central axis of the air hole 
plate. 

5. The combustor according to claim 1, wherein the fuel 
nozzles are located upstream of the air hole plate. 

6. The combustor according to claim 1, wherein the cham 
ber-side face of the air hole plate forms a part of a wall of the 
chamber. 

7. The combustor according to claim 1, wherein: 
any first point on the chamber-side face of the air hole plate 

located upstream of any second point on the chamber 
side face of the air hole plate is further from the central 
axis than the second point. 

8. The combustor according to claim 1, wherein: 
any point on the chamber-side face of the air hole plate 
whose distance from the central axis is less than the 
distance from the central axis for any other point extends 
the same distance or further into the chamber than the 
other point. 

9. The combustor according to claim 1, wherein: 
any point on the chamber-side face located further from the 

central axis than any other point is closer to the fuel 
nozzle face than the other point. 

10. The combustor according to claim 1 wherein: 
the air hole plate further comprises flame holding means to 

stabilize a flame in the vicinity of the axis of the air hole 
plate. 

11. The combustor according to claim 10 wherein: 
the flame holding means is configured to promote a stag 

nation. 
12. The combustor according to claim 4 further compris 

1ng: 
a fuel Supply means at the center of the chamber-side face 

of the air hole plate. 
13. The combustor according to claim 3 wherein: 
the air hole located at an innermost peripheral region is 

disposed on the connecting portion. 
14. The combustor according to claim 7 wherein: 
all the air holes are disposed at the connecting portion. 
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15. The combustor according to claim 3 wherein outer 
peripheral air holes are located on the outer peripheral flat 
face. 

16. The combustor according to claim 1 wherein: 
a distance between the chamber-side face of the air hole 

plate and a fuel nozzle side face of the air hole plate is 
constant in an axial direction of the air hole plate. 

17. An operating method of operating a combustor that 
includes: 

a chamber into which fuel and air is supplied: 
an air hole plate located upstream of the chamber and 

having a plurality of air holes; and 
a plurality of fuel nozzles to supply fuel to the air holes, 
wherein a center of a chamber-side face of the air hole plate 

extends further into the chamber than an exit of one of 
the plurality of the air holes located at an outermost 
peripheral region of the air hole plate, 

the combustor further comprising: 
an inner peripheral flat face on the chamber-side face of the 

air hole plate; 
an outer peripheral flat face on the chamber-side face of the 

air hole plate located upstream of the inner peripheral 
flat face; and 

a connecting portion which connects the inner peripheral 
flat face and the outer peripheral flat face, 

wherein a wall face of the connecting portion is slanted in 
order to make a radial distance from a center axis of the 
air hole plate to the wall face in a downstream side closer 
than that in an upstream side; and 

exits of the plurality of air holes located at an innermost 
peripheral region are disposed further downstream of the 
chamber than exits of the plurality of air holes located at 
the outermost peripheral region, 

the method comprising the steps of: 
forming a recirculation flow downstream of the center of 

the chamber-side face of the air hole plate; and 
generating a flow, which flows from an outer peripheral 

region to an inner peripheral region on the chamber-side 
face of the air hole plate by an entrainment of the recir 
culation flow. 

18. The operating method of a combustor that includes: 
a chamber into which fuel and air is supplied: 
an air hole plate located upstream of the chamber and 

having a plurality of air holes; and 
a plurality of fuel nozzles to supply fuel to the air holes, 

wherein: 
a center of a chamber-side face of the air hole plate extends 

further into the chamber than an exit of one of the plu 
rality of the air holes located at an outermost peripheral 
region of the air hole plate. 

the combustor further comprising: 
an inner peripheral flat face on the chamber-side face of the 

air hole plate; 
an outer peripheral flat face on the chamber-side face of the 

air hole plate located upstream of the inner peripheral 
flat face; and 

a connecting portion which connects the inner peripheral 
flat face and the outer peripheral flat face, 
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16 
wherein a wall face of the connecting portion is slanted in 

order to make a radial distance from a center axis of the 
airhole plate to the wall face in a downstream side closer 
than that in an upstream side; and 

exits of the plurality of air holes located at an innermost 
peripheral region are disposed further downstream of the 
chamber than exits of the plurality of air holes located at 
the outermost peripheral region, 

the air hole plate further comprising: 
flame holding means to stabilize a flame in the vicinity of 

the axis of the air hole plate, 
wherein a portion of the air holes forms a first circle of air 

holes located on the air hole plate: 
another portion of the air holes forms a second circle of air 

holes located at the outer peripheral region of the first 
circle of air holes on the air hole plate: 

a portion of the fuel nozzles forms a first circle of fuel 
nozzles supplying fuel to the first circle of air holes; and 

another portion of the fuel nozzles forms a second circle of 
fuel nozzles supplying fuel to the second circle of air 
holes, 

further comprising the steps of: 
supplying more fuel to the first circle of fuel nozzles than 

the second circle of fuel nozzles in fuel flow rate per one 
nozzle. 

19. An operating method for a combustor, the combustor 
comprising: 

a chamber into which fuel and air is supplied; and 
a plurality of burners, each burner comprising: 
a plurality of fuel nozzles to supply fuel to air holes: 
an air hole plate located upstream of the chamber and 

having a plurality of the air holes, wherein a center of a 
chamber-side face of the air hole plate is located at 
further into the chamber than an exit of the air hole 
located at the outermost peripheral region; and 

a fuel Supply means at the center of the chamber-side face 
of the air hole plate, 

the combustor further comprising: 
an inner peripheral flat face on the chamber-side face of the 

air hole plate, 
an outer peripheral flat face on the chamber-side face of the 

air hole plate located upstream of the inner peripheral 
flat face; and 

a connecting portion which connects the inner peripheral 
flat face and the outer peripheral flat face, 

wherein a wall face of the connecting portion is slanted in 
order to make a radial distance from a center axis of the 
airhole plate to the wall face in a downstream side closer 
than that in upstream side; and 

exits of the plurality of air holes located at an innermost 
peripheral region are disposed further downstream of the 
chamber than exits of the plurality of air holes located at 
the outermost peripheral region, 

the method comprising the step of: 
starting the operation of the burner with fuel supplied by 

the fuel supply means of the burner. 


